Isolated rods enzymatically removed from normal adult rat retina have been transplanted to the subretinal space of adult rats with a retinal dystrophy which has destroyed almost all the photoreceptors. These transplanted rods survive for months after transplantation during which time they form synapses with other retinal cells. Rod spherules with large amounts of synaptic vesicles and synaptic ribbons are found forming discreet contacts with pre-and postsynaptic densities in arrangements closely resembling those seen in the normal retina.
INTRODUCTION
Solitary photoreceptors /11,14,18,19 / can be enzymatically isolated from the adult retina and maintained in vitro where they remain responsive to light /1/ and in the ease of salamander rods /16/ form synapses with second-order retinal neurons. We have used this method to isolate solitary photoreceptors, predominantly rods, from normal pigmented adult rats and transplanted them to the subretinal space of 4-to 6-month-old albinotic rats with an inherited retinal dystrophy, which causes destruction of virtually all the photoreceptors at about 3 to 4 months of age/2,5/.
In order to easily identify the transplant site we also dissociated pigmented retinal epithelial cells from normal rats and added them to the solution of photoreceptor cells just prior to surgery. These pigmented cells provide a marker for the transplant site because the dystrophic rat retina is albinotic and therefore the pigmented cells stand out within the small retinal area, about a millimeter in diameter, receiving the transplanted cells. The retinal dystrophy in this strain of rats is due to a genetic defect that prevents the retinal epithelium from phagocytozing the growing tips of the rods and this subsequently leads to VOL. 2 Figure 1 illustrates by light microscopy normal (A) compared to four-month-old dystrophic (B) retina. In the dystrophic retina the entire photoreceptor layer has disappeared leaving the neural retina at about half the thickness of the normal retina. This is most obvious from the absence of the darkly staining photoreceptor nuclei, about 7 to l0 layers thick, as well as the loss of inner and outer segment organelles and the external plexiform layer where the photoreceptors synapse with other retinal neurons. In the dystrophic retina all of these structures are lost. Figure 2 shows transplant sites at one (A) and two (B) weeks and at one (C) and two (D) months after transplantation surgery. In all cases the rod cell nuclei found in these areas marked by the transplanted pigmented epithelial cells are much more numerous than anything we can find elsewhere in this retina or in the contralateral control eye (Fig. 1B) . In some experiments ( Fig. 2A) (Fig. 2C and D) . There is little indication of outer segment material at the light microscopic level within the retina. There is also no evidence of inflammation or rejection of the transplant material.
Electronmicroscopy of the transplant site shows typical rod cell nuclei with some outer segment material (Fig. 3) . The cytoplasm of these cells appears healthy, in Figures 3 and 4 Outer segments are relatively rare in the transplant sites especially at one to two months after transplantation surgery. The best example we have found is shown in Figure 5 . This shows a relatively short outer segment connected to its ciliary stalk and rootlet in a seven-month-old dystrophic rat. Interestingly, a melanin granule identifies the cytoplasm of a transplanted retinal pigment epithelial which abuts the outer segment. This close association of a retinal epithelial cell to the transplanted outer segment could be responsible for its longer survival than those of other transplanted rods. Outer segment material has never before been seen by us or reported by others in dystrophic rats of this age/12/.
The most striking characteristic of the transplant site, especially at one or two months after surgery, is the abundance of synaptic structures, i.e., vesicles, synaptic ribbons and pre-and postsynaptic densities present. Figure 6 illustrates examples of such synapses cut in both radial and tangential directions through rod spherules in a six-and-a-half month-old dystrophic rat retina, two months after photoreceptor transplantation. Measurements of the number of ribbon synapses that could be identified in electronmicrographic photomontages at different times after transplantation surgery. Trans-planted rod cell nuclei with darkly stained chromatin (arrowheads, D) are apparent. Pigmented retinal epithelium co-transplanted with the rods and used as a marker of the transplant site are also seen (arrowheads, A and C). These retinas are to be compared with the control dystrophic retina (Fig. 1B) The use of single cell types, as done in this study, seems particularly attractive to neuro-transplantation because in the nervous system it is the number and organization of specific cell types that determine function. The photoreceptor is a particularly specialized neuron which is frequently selectively damaged by genetic defects and/or toxic factors. There are a number of retinal degenerations where destruction of this cell system alone prevents the remainder of the visual system from functioning. Under these circumgtances photoreceptor transplantation could become a feasible treatment.
